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(54) Concurrent medical patient data and voice communication method and apparatus 


(57) Method and apparatus for voice interaction 
between the service provider to the patient whose life 
signs, e.g. an electrocardiograph (ECG). concurrently 
are being monitored are described. Patient data and 
voice communication are conveyed on a single, or com- 
mon, public switched telephone (PSTN) tine. A life signs 
monitor at the patient site is connected to the patient 
and to a digital simultaneous voice and data (DSVD) 
device having the ability to digitize and compress the 
patient's voice and having the ability to decompress and 
analogize the physician's voice via a standard tele- 
phone. A modem modulates and demodulates transmit- 
ted and received data over the telephone line. At a 
remote monitoring site a second modem receives and 


transmits data over the same telephone line. The sec- 
ond modern is connected with a second DSVD device 
connected to a display- or printer-equipped receiving 
station for presentation in textual or graphic form to a 
remote service provider the patient data P e.g. in the form 
of an ECG trace. Thus, the service provider has the abil- 
ity to overview patient life signs monitoring while in 
direct vocal communication with the patient for instruct- 
ing the patient or otherwise reassuring the patient of the 
proper use of the life signs monitor or diagnosing or pre- 
scribing in real-time response to what is gleaned from 
the monitoring. 
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Description 

Background and Summary of the Invention 

The invention generally relates to remote medical 
patient monitoring. More particularly, it involves duplex 
patient monitoring communication over a single tele- 
phone line capable of concurrently carrying both medi- 
cal practitioner voice and patient data. 

Increasingly, media patients are provided with port- 
able, patient-proximate monitoring and control equip- 
ment that, in turn, is connected to a remote (typically 
centralized) health-care provider, e.g. a physician, 
skilled technician or other service provider. Typically, 
patient vital sign data. e.g. an electrocardiograph (ECG) 
waveform, is digitized and transmitted over a phone line 
to the remote monitoring site for dagnostic, oversight 
and recording purposes. Conventionally, digital trans- 
mission protocols for use on voice-grade communica- 
tions channels such as the public switched telephone 
network (PSTN) or cellular telephone network (CTN) 
use the entire available bandwidth for data transmis- 
sion. This precludes the use of the phone for voice inter- 
action between the physician and the patient. 

To make the patient feel at ease, it is important to 
both the patient and the physician to interact the way 
they would during an office visit Such interaction also 
provides the physician an opportunity to follow up any 
observations with questions to help diagnose the condi- 
tion of the patient, as well as to offer reassurances and 
any needed instruction in the patient's use of the moni- 
toring equipment. One solution to the problem would 
involve the use of two telephone lines, one for voice and 
one for data. Another solution presents itself with the 
advent of digital simultaneous voice and data (DSVD). It 
will be understood that "simultaneous" and "concurrent" 
are used interchangeably herein to describe concurrent 
void and data communication. 

DSVD uses digital signal processing and void 
encoding to interleave voice and data on a single com- 
munications channel. Current offerings are by AT&T 
(VoiceSpan™), Intel (ProShare™). U.S. Robotics, Inc. 
(Sportster VI™) and Multi-Tech Systems, Inc. (Multi- 
Tech®). 

Current DSVD solutions are believed to be applica- 
ble to the above-described need for voice communica- 
tion. On the other hand, medical grade monitoring over 
noisy phone lines at worst places the patient at risk (via 
degraded data integrity) and at best compromises vocal 
interaction (via degraded void integrity). Special error 
detection and correction techniques therefore should be 
used when it is desired to use the PSTN for bi-direc- 
tional, concurrent voice and data transmission in the 
medical patient monitoring field. Such error detection 
and/or correction is even more important when data is 
transmitted in a wireless conveyance such as over the 
CTN, which wireless communication is contemplated by 
the invention and is within the spirit and scope thereof. 


It may be desirable also to include video data trans- 
mission over such a communication line. It is believed 
that the same methods used to divide the available 
bandwidth on a transmission channel could be "sliced" 

5 into more pieces, thereby creating a digital simultane- 
ous voice, data, and video (DSVDV) link. Depending 
upon the required refresh and resolution, it may be nec- 
essary to so communicate over the Integrated Services 
Digital Network (ISDN) or in accordance with the Asyn- 

70 chronous Transfer Mode (ATM). It is contemplated that 
current efforts to compress video for the multimedia 
market would be applicable to the invented method and 
apparatus, when it is desired to have one-way of two- 
way videoconferencing as a means for interaction 

75 between a patient and a service provider. 

Thus, it is a principal object of the present invention 
to provide at least for concurrent digital medical patient 
data and voice communication over a single, duplex 
communication line. 

20 It is another object of the invention to provide such 
digital and voice communication over the public 
switched telephone network (PSTN). 

Still another object is to provide such communica- 
tion in real time with minimum delay between the patient 

25 and physician. 

Another important object of the invention is to pro- 
vide such communication with high data and voice 
integrity. 

Yet another object is to render the communication 

30 links bandwidth automatically dynamically allocable to 
variable demand as between data and voice. 

It is another object of the invention to provide also 
for the communication over such a line of digital video 
information in real time at a useful refresh rate. 

35 Another object is to provide combined voice chan- 
nels over the same single physical channel on which 
medical patient data is earned. 

Still another object of the invention is to provide for 
the communication of medical patient data in any form, 

40 whether digital or analog, e.g. an audio signal repre- 
senting the sound of the patient's heart lung, stomach 
or other organ. In this alternative operational mode, an 
audio signal representing the sounds produced by a 
stethoscope, for example, may be transmitted to a 

45 remote site for overview by a medical service provider. 
Thus, it will be understood that medical patient data 
is used in its broadest sense to include an analog signal 
suitable for transmission over a voice-grade telephone 
line. Briefly, the invention provides at least a voice mon- 

so ologue from the service provider to the patient whose 
life signs, e.g. ECG, are being monitored, and preferably 
provides a voice dialog therebetween, wherein both 
patient data and voice communication are conveyed on 
a single, or common, PSTN line. A life signs monitor at 

55 the patient site is connected to the patient and to a 
DSVD device having the ability to digitize and compress 
the patient's voice and having the ability to decompress 
and render in analog form the physician's voice via a 
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standard telephone. Alternatively, auscultatory or EGG 
signs may be rendered in analog form, as by use of a 
stethoscope properly placed on the patient's body, for 
transmission as an analog, e.g. audio, signal rather than 
as a digital representation thereof. 

A modern modulates and demodulates transmitted 
and received data over the telephone line. At a remote 
monitoring site a second modern receives and transmits 
data over the same telephone line. The second modern 
is connected with a second DSVD device connected to 
a display- or printer-equipped receiving station for pres- 
entation in textual or graphic form to a remote service 
provider the patient data, e.g. in the form of an EGG 
trace. Thusi the service provider has the ability to over- 
view patient life signs monitored data while in direct 
vocal comrnunication with the patient, for instructing the 
patient or otherwise reassuring the patient of the proper 
use of the life signs monitor or diagnosing or prescribing 
in real-timejresponse to what is learned from the moni- 
tored data.! 

These fand other objects and advantages of the 
invention will be more clearly understood from a consid- 
eration erf the accompanying drawings and the following 
descriptionSof the preferred embodiment. 

5 

3 

Brief Description of the Drawings 

5 

Fig. 1^is a system block diagram of the invented 
apparatus made in accordance with a preferred embod- 
iment | 

Fig. 2 'ka detailed schematic diagram of one of the 
digital simultaneous voice and data (DSVD) devices 
shown in fig. 1 . 

Fig. 3 is a schematic block and data flow diagram 
illustrating 9 the invented medical data verification 
method and apparatus of the invention. 

Fig. 4^ is a flowchart that illustrates the preferred 
method of the invention. 

I 

Detailed Pre scription of the Preferred Embodiment 

.4 

Referring first to Fig. 1, the invented apparatus 
made in accordance with its preferred embodiment is 
indicated generally at 1 0. At a patient site indicated gen- 
erally at 12, a patient 14 is operatively connected to a 
life signs monitor 16, e.g. an electrode-equipped EGG 
monitor that senses the patient's skin potential varia- 
tions, digitizes the signal and optionally records the dig- 
itized EGG waveform in an integral memory for 
immediate! or deferred playback, ft will be appreciated 
that life signs monitor 16 may be equipped to monitor 
any one or more desirable signs, including vital signs 
such as 12-electrode EGG, pulse rate, blood pressure 
(bp), blood oxygen level (pulse oximetry), blood sugar 
level (glucometry), lung capacity (spirometry), etc., 
although only 2-electrode EGG monitoring is illustrated 
in Fig. 1. tile signs monitor 16 is operatively connected 
with a digital simultaneous voice and data (DSVD) 


device 18 that is capable of digitizing, compressing and 
time interleaving voice and data for transmission via a 
modem 20 over a single telephone line 22. 

Preferably, DSVD device 18 supports duplex con- 

5 current voice and data, thereby supporting at least a 
one-way instructional voice monologue from a remote 
physician, skilled technician or other service provider, 
and most preferably supporting a voice dialogue 
between patient 14 and the remote service provider. 

10 Importantly, such is rendered possible over a single, 
common telephone line, thereby obviating the need for 
more than one and making remote monitoring practical 
to at-home vital sign monitor patients. Such is the prov- 
ince of DSVD devices such as those available from 

is AT&T (VoiceSpan™), Intel (ProShare™). U.S. Robotics. 
Inc. (Sportster Vi™) and Multi-Tech Systems, Inc. (Mul- 
tiModem PCS®), all of which support concurrent digi- 
tized voice and data communication over the public 
switched telephone network (PSTN). Those skilled in 

20 the art will appreciate that any suitable DSVD device, 
whether it is so-called or whether it merely performs 
such functions as are descrfoed herein, is contemplated 
for use in invented apparatus 10, and is within the spirit 
and scope of the invention. 

25 Preferably, in accordance with the invention, DSVD 
device 18 is specially equipped with error correction 
software or firmware 18a, preferably residing in its read 
and write memory (RAM) or read-only memory (ROM), 
that ensures the integrity of the patient data obtained 

30 from life signs monitor 1 6 or modem 20. Those of skill in 
the art will appreciate that such memory preferably may 
be any relatively high-density, low-cost volatile or non- 
volatile memory such as a block re-programmable, so- 
called "FLASH" memory device. Typically, modem 20 

35 would provide some level of error correction, but it is 
important with patient data that the lowest possible bit 
error rate (BER) and frame error rate (FER) is main- 
tained. Skilled persons will appreciate that the use of 
DSVD device 18 is only one currently preferred embod- 

40 iment and that alternative embodiments nevertheless 
are within the spirit and scope of the invention. It will 
also be appreciated that the functions performed, in 
accordance with the preferred embodiment of the inven- 
tion, in firmware residing- within DSVD 18 alternatively 

4S may be performed by a central processor that is pro- 
grammed to provide for the control of life signs monitor 
16 and modem 20, as well as to perform the needed 
DSVD tasks, and that all such functions may be per- 
formed, within the spirit and scope of the invention, in 
so software, firmware, hardware or any combination 
thereof. 

One important aspect of the invention involves a 
patient data communication protocol that provides for 
automatic data validation by way of detection of trans* 
55 mission or reception errors. Preferably, the validation or 
verification technique includes serially communicating 
the patient data two or more times in succession, with 
identical patient data being accompanied by orthogonal 
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error detection codes embedded within packet headers. 
An error that propagates through one error detection 
processor (however unlikely such may be) is rendered 
orders of magnitude less likely by the fact that the sec- 
ond error detection code is independent of the error 
methodology that permitted the error to propagate 
through the first processor. This invented technique is 
described herein as serial double fault tolerance. As will 
be seen, in accordance with the invention, if and only if 
data are error-free will they be transmitted and if and 
only if data are error-free upon their reception will they 
be permitted to affect patient diagnosis and treatment. 
Otherwise, the data will be flagged as being anomalous 
and no action will be indicated unless and until further 
valid medical patient data are transmitted and received 
without error. Such may be thought of as a zero-fault tol- 
erance scheme. 

Standards have been established for critical moni- 
toring data communications. One such example is TUV 
which stands for Technischer Uberwachungsverein 
(which roughly translates into Technical Over-seeing 
Body), a German model for such communications appli- 
cations that has been adopted by the European Com- 
munity, familiarity with which is assumed. Generally, the 
TUV standard requires that data representative of criti- 
cal monitoring information such as patient vital signs be 
locally stored for transmission in at least two memory 
locations for local comparison and verification pur- 
poses. Those of skill in the art will appreciate, however, 
that the would-be identical data in the various locations 
in memory may be corrupted and yet may be in agree- 
ment with one another such that one or more data 
errors exists but is detected. 

Alternatively or additionally to the preferred patient 
data error correction technique described above, 
patient data integrity may be assured by a service pro- 
vider, who may perform patient data oversight while in 
voice communication with the patient For example, a 
physician or skilled technician or other service provider 
who notes an apparently anomalous ECG waveform, 
very simply and without additional cost in accordance 
with the present invention, may instruct or request that 
the patient or patient device re-transmit the dubious 
data that has been recorded by the patient equipment. 
The human factor thus provides a significant advantage 
over conventional life signs monitoring that relies solely 
on communication electronics and/or protocols to 
ensure data integrity. It is unlikely that a temporary 
adverse condition of a telephone line, e.g. a momentary 
earner disruption, would occur twice in short succes- 
sion. Thus, a subsequent transmission of patient data 
that was corrupted by such a condition of the communi- 
cation conveyance typically would result in a successful 
transmission of accurate patient data, yet in real-time 
(albeit slightly delayed) response to what might be a life- 
threatening condition for the monitored patient. 

Referring still to Fig. 1, it may be seen that tele- 
phone line 22 is connected a at a remote monitoring 


site, incficated generally at 24, to a second modem 26 
which may be identical to modem 20. A second DSVD 
device 28 operatively connected to modem 26 performs 
essentially the same functions as DSVD device 18 at 
5 patient site 12. Second DSVD device 28 also preferably 
is equipped with specialized error correction firmware 
residing in a ROM 28a integral with second DSVD 
device 28. DSVD device 28 includes a voice port for at 
least one-way, and preferably two-way, voice communi- 
10 cation by a physician, skilled technician or other service 
provider 30. Operatively connected with DSVD device 
28 is a receiving station 32 capable of producing a dis- 
play or printout 34 of tabulated data, ECG traces or 
other textured or graphic illustrations of the monitored 
is life signs of patient 1 4, e.g. the ECG waveform shown in 
Fig. 1. Thus, in accordance with the invention, service 
provider 30 is able not only to overview a patient's mon- 
itored life signs, but also to vocally interact with the 
patient during such overview. 
20 Those of skill in the art will appreciate that DSVD 
device 18 and modem 20 may be integral with one 
another, and may be packaged as a stand alone unit or 
as a board that may be installed in a personal computer 
(PC) or workstation. Similarly, DSVD device 28 and 
25 modem 26 may be integral with one another, and may 
be similarly packaged. As mentioned above, it is con- 
templated also that the functions of DSVD 18 may be 
performed instead by an application program executing 
on a PC having no DSVD per se but having the required 
30 signal processing capabilities, tt will also be appreciated 
that life signs monitor 16 may be integral with DSVD 
device 18 or may be a board that may be installed in 
such a PC or workstation located at patient site 12. Sim- 
ilarly, it will be appreciated that receiving station 32 may 
35 be equipped with an integral display or printer for pro- 
ducing display or printout 34, and that receiving station 
32 may be integral with DSVD device 18 or may be a 
board that may be installed in such a PC or workstation 
located at monitoring site 24. Life signs monitor 16 alter- 
40 natively may be worn by patient 1 4 as a neck-worn pen- 
dant or wrist-worn watch, and it may wirelessly 
communicate patient date to DSVD device 18. Those 
skilled in the art will appreciate that DSVD devices 18, 
28 may have integral microphones and speakers to pro- 
45 vide patient 14 and service provider 30, respectively, 
with a hands-free voice communication alternative to a 
standard telephone handset. Of course, as discussed 
herein, such a handset may be replaced or augmented 
with a stethoscope forming a part of a telephone or hav- 
50 ing a built-in microphone or other transducer capable of 
converting audio vtorations to an electrical signal. All 
such alternative configurations and their functional 
equivalents are within the spirit and scope of the inven- 
tion. 

55 Those of skill in the art now may appreciate that the 
invented method and apparatus promote better voice 
communication between physician and patient Most 
homes have only one telephone line, and previously 
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there has been no possibility of concurrent voice com- 
munication between a physician and a patient who is 
being transtelephonicatly monitored. With the present 
invention, voice communication is possible during a 
monitoring session. For example, a physician might 5 
inquire of the patient during vital signs monitoring of the 
patient's general health, whether the patient has been 
taking prescribed medications, regarding the patient's 
diet and regularity, e.g. urinary or bowel movement etc. 
Such information is vital to an assessment of the w 
patient's well-being, and may greatly assist the physi- 
cian in interpreting the monitored vital signs. It also 
tends to place the patient at greater ease during what 
for some is a stressfull monitoring session. Thus, more 
full service remote diagnosis and treatment of patients 15 
is possible by use of the invented method and appara- 
tus. 

Turning now to Fig. 2, DSVD device 18 will be 
descrfoed by reference to a detailed schematic diagram. 
(Those skilled in the art will appreciate that DSVD 20 
device 28 would be substantially identically described 
and illustrated, with RS-232 and digital interface con- 
nections instead to modem 26 and to receiving station 
32.) In addition to ROM 18a, DSVD device 18 preferably 
includes a microprocessor (^PROCESSOR) 36, a dig- 25 
ital signal processor (DSP) 38, a life signs monitor inter- 
face 40 connectable, in turn, to life signs monitor 1 6 (not 
shown in Fig. 2, but shown in Fig. 1) and a read-and- 
write memory (RAM) 42 ail connected to a common 
data/address bus as indicated by the broad lines. Micro- 30 
processor 36 also has an input/output (I/O) port con- 
nected to an analog-to-digital converter (ADC) and 
digital-to-analog converter (DAC) 44 connectable, in 
turn, to a telephone (not shown in Fig. 2, but shown in 
Fig. 1). Finally, microprocessor 36 has an I/O port con- 35 
nected to an RS-232 or similar, preferably E!A-standard, 
interface 46 connectable, in turn, to modem 20 (not 
shown in Fig. 2, but shown in Fig. 1). 

Referring now to Fig. 3, invented apparatus for tele- 
communicated medical data verification is indicated at 40 
48. In accordance with this feature of the invention, 
medical data error rates are reduced to near-zero by the 
use of what will be referred to herein as serial double 
fault error-prevention technique. By way of background, 
it will be appreciated that current serial data communi- 4S 
cation has achieved a level of integrity whereby cor- 
rupted data reception already is highly improbable. 
Typically utilized techniques involve cyclic redundancy 
checking (CRC) of transmitted data by appending to the 
transmitted data packet a unique code that is a boolean so 
combination of the data that is transmitted, whereby a 
receiver performs a checksumming by similar combina- 
tion to detect corrupted data bits within the. received 
data stream. If uncorrectable data errors are detected 
by the receiver, typically the communication protocol ss 
requires retransmission of the data packet until an 
uncorrupted. or at least a correctable, data packet is 
received. Of course, such retransmissions, or retries, 


result in degraded data throughput which depending 
upon the level of degradation can seriously impact 
applications which are dependent upon the timely 
arrival of uncorrupted data at the receiver. 

Communication channels that introduce chaotic 
noise to the communication of life critical data have not 
been adequately addressed by conventional data error 
detection/correction techniques and protocols. The 
invented serial double fault technique may be used in 
applications where hardware, software or firmware (or a 
combination thereof) acquires critical data, and renders 
potentially life-sustaining and life-threatening decisions 
based thereon. The invented technique borrows some- 
what from mathematical or logical redundancy theory, 
and is akin to getting a second medical opinion before 
proceeding with an extensive or intensive therapeutic or 
surgical procedure. In a preferred embodiment of the 
invention, dual processors monitor critical life data and 
produce-by independent techniques-a key or token 
derived therefrom and then compare the results prior to 
any data-based decision making. Only if the two inde- 
pendent processors agree that critical life data is uncor- 
rupted is a life-critical action initiated by the processors 
on the basis of the data. Importantly, the independence 
of the processors that derive the key or token is ensured 
by the way in which they are desired, preferably by inde- 
pendent design teams in a "clean room" environment. 
Absent agreement between the two independent proc- 
essors, i.e. without unanimity of 'opinion' regarding a 
patient prescription, profession intervention is invoked 
as by annunciating to a competent medical practitioner 
the inability of the processors to agree on a prescribed 
course of action. 

In accordance with a preferred embodiment of the 
invention, a key or token is embedded in each logical 
data packet that is communicated. A separate data 
packet containing a complementary key is transmitted 
synchronously or asynchronously relative to each of the 
first packets. The receiving station validates the comple- 
mentary of the two keys via execution of an independent 
algorithm. This provides a first level of reliability in life 
critical data communication, all but eliminating random 
line noise data corruption. 

A second level of reliability is ensured by the way in 
which keys or tokens are created. Each of two keys-a 
primary, and a complementary key-is created by a dif- 
ferent technique or algorithm from data residing at the 
transmitter in different data stores or memory buffers. 
By generating the keys by diverse methods from diverse 
sources, the probability of transmitter-internal data cor- 
ruption is reduced nearly to zero. And by this redundant 
and independent data verification technique, key-crea- 
tion process integrity is exported to the receiver. 

Communication error correction protocols, how- 
ever, only validate the data stream from point 20 to point 
26 (see Fig. 1). Those skilled in the art will appreciate 
that not only has conventional transmission error detec- 
tion been made more robust but the concept of detec- 
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tion and correction has been extended to the very root 
of data generation, by the invented method and appara- 
tus. Thus, the requirements for internal data consist- 
ency by regulatory bodies such as the FDA and TUV 
have been extended to cover the entire data creation- 5 
transmission-reception link in vital medical data. Thus, 
the users of medical patient data, e.g. doctor, nurse, 
caregiver, are guaranteed the accuracy of the vital 
patient data just as would obtain were they in immediate 
proximity to the patient and patient monitoring system, w 
As a result, the invented method and apparatus meet 
the most rigorous error correction and safety standards. 
Those skilled in the art will appreciate that this concept 
may be extended, without any loss of generality, to 
cover other items of safety concern such as power mon- 75 
itoring, infusion pump failure, etc. 

The invented apparatus will now be descrtoed in 
another way, by reference to Fig. 3. Invented apparatus 
48 may be seen from Fig. 3 to include in an illustrative 
but not limiting EGG monitoring application two inde- 20 
pendent ECG data buffers 50, 52 within an ECG data 
monitor/transmitter station 54. It will be appreciated 
that, in accordance with invention, buffers 50, 52 may be 
implemented as any one or more memory devices, 
whether volatile or non-volative, e.g. magnetic or eiec- 25 
tronic such as read-and-write memory (RAM), charge- 
coupled device (CCD), flash' memory, etc. Moni- 
tor/transmitter station 54 also preferably includes a 
processor 56. e.g. an appropriately programmed micro- 
processor executing instructions out of read-only mem- 30 
ory (ROM) or a functional equivalent Processor 56 
preferably includes a comparator/validator 58 for con- 
trasting the independent data from buffers 50, 52 to pro- 
duce a difference signal ("A SIGNAL") if any, which is 
fed to the input of a mixer/packet transmitter. Those of 35 
skill in the art will appreciate that the illustrated differ- 
ence signal, when present, is used by the mixer/packet 
transmitter to correct transmitter-internal errors prior to 
the transmission of packetized data over a communica- 
tion line such as a telephone line. * 

Buffer 50 is operatively connected with a data pack- 
etizer/token generator 60 the packetized/token- 
appended output of which is fed to a mixer/packet trans- 
mitter 62. Buffer 52 is operatively connected with a sec- 
ond data packetizerrtoken generator 64 the output of * 
which is connected to another input of mixer/packet 
transmitter 66. The error-corrected output of 
mixer/packet transmitter 62 is communicated preferably 
bit-serially over the conventionally schematically illus- 
trated communication line to a remote receiver indicated s 
generally at 66. Preferably, receiver 66 includes a proc- 
essor 68 such as a ROM-instructed microprocessor and 
a data display and/or storage and/or hardcopy device 
70. 

Processor 68 preferably includes a packet receiver i 
72 and a token validation device 74, the latter of which 
produces an error signal, if any. It will be appreciated 
that device 70, within the spirit and scope of the inven- 


tion, may take any suitable form. For example, it may be 
a video display terminal (VDT) capable of imaging the 
monitored data in textual, graphical or any other suitable 
form. Alternatively, it may be a simple strip chart 
recorder for graphic ECG waveform hardcopy produc- 
tion or a line printer for textual ECG waveform data 
hardcopy production. Alternatively, it may be simply a 
storage device such as any suitable volatile or non-vol- 
atile memory device such as tape, disc, CCD, RAM, etc. 
It will be understood that one prescribed function per- 
formed by device 70 is to utilize the error signal pro- 
duced by token validation device 74 and to correct any 
discovered errors in the ECG data that is received by 
packet receiver 72. 

Briefly summarizing the invented error detection 
and avoidance method, dual tokens or checksums are 
generated from independently stored data buffers and 
the tokens are compared to ensure their agreement A 
single token in agreement with both independently gen- 
erated tokens then is appended to a single copy of the 
data packets indicated by the token comparisons to 
have been in agreement, and the agreeable data packet 
and its appended agreeable token are transmitted from 
patient site 12. At a remote overview site, the data 
packet and its appended token are received and the 
token is validated before any patient condition is diag- 
nosed or any remedial action is taken. Only is the 
received token indicates that the received medical 
patient data are valid would the medical service pro- 
vider take a remedial action in response to received 
medical patient data. Of course, it will be appreciated 
that, most often, medical patient data will be transmitted 
and received error-free and remedial action taken as 
indicated. Thus, the invented error detection and avoid- 
ance technique gives the highest level of assurance that 
the right thing is being done for the patient at ail times. 

The invented apparatus now will be understood to 
provide concurrent voice and medical data communica- 
tion over a common link. As illustrated in Figs. 1 and 3, 
> invented apparatus 48 preferably comprises a life signs 
monitor 16 at a patient site 12 responsive to a medical 
patient 14 for producing medical data-e.g. ECG, pulse, 
bp. blood oxygen or sugar levels, lung capacity, eta- 
representative of the patient's life signs; a memory 
s device such as one or more of buffers 50, 52 for storing 
such medical data; a transmitter 54 for transmitting such 
medical data from the memory device via a communica- 
tion line 22; a remote receiver 66 at an overview site 24, 
receiver 66 being coupled with communication line 22 
0 for receiving such medical data for presentation to a 
medical service provider 30; and a telephone link such 
as that illustrated in Fig. 1 and described herein for at 
least one-way voice communication from service pro- 
vider 130 to patient 14, with the telephone link utilizing 
is common communication line 22 for such voice commu- 
nication and such data transmission. 

Preferably, the telephone link provides two-way 
voice communication between service provider 30 and 
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patient 14, although it will be appreciated that perhaps 
the more important communication is from service pro- 
vider 30 to patient 14. As described herein, such voice 
communication from service provider 30 to patient 14 
may include instructing patient 14 on the use of monitor 
16 or may be of a more general advice or reassurance 
nature. As described herein, such responsive voice 
communication from patient 14 to service provider 30 
may include status or observation information regarding 
monitor 16 or may be of a more general nature, e.g. 
confirmation that patient 14 is taking his or her pre- 
scribed medications or information regarding the 
patient's health. In accordance with invention, it is pos- 
sible to provide for two-way, patient site-to-service pro- 
vider site, voice communication, in addition to patient 
data transmission from patient site to service provider 
site over a single, common telephone line that typically 
is available anywhere within the PSTN. 

In accordance with the preferred embodiment of the 
invention, the memory device includes at least two med- 
ical data buffers 50, 52, and transmitter 54 includes a 
comparator or comparator/validator 58 for generating a 
difference signal upon detection of a difference between 
corresponding data within the two buffers. Also in 
accordance with the preferred embodiment of the inven- 
tion, transmitter 54 further includes for each of the pref- 
erably two medical data buffers 50, 52 a buffered data 
packetizer and a token generator capable of producing 
a token symbolizing such packetized buffered medical 
data, e.g. packetizer/generators 60, 64. Further in 
accordance with the preferred embodiment of the inven- 
tion, transmitter 54 further includes a mixer 62 respon- 
sive to each of the tokens produced by 
packetizer/generators 60, 64 and to the difference sig- 
nal to produce a transmit data packet representing more 
highly correlated, and thus accurate, medical patient 
data. 

Those of skill will appreciate that with redundant 
buffering of what should be identical medical patient 
data, with comparison thereof and generation of a sig- 
nal representing any difference therebetween, with 
using such a difference signal to mix independently 
generated data packet tokens to produce a single data 
packet and an appended validation token-as illustrated 
in Fig. 3 and as described herein-it is possible in 
accordance with invention to ensure the very highest 
possible data integrity for transmission to a remote phy- 
sician site over a standard voice-grade telephone line. 

Further in accordance with the invented apparatus, 
preferably receiver 66 includes a transmit data packet 
receiver 72 and a token validator 74 capable of deter- 
mining whether the transmit data packet received by 
packet receiver 72 is valid, with token validator 74 pro- 
ducing an error signal for use by receiver 66 to deter- 
mine whether the data is believed* by the independent 
transmitter and receiver processors to be accurate, in 
which case the patient data is presented in tabular, 
graphic or alternative form on a presentation device-- 


e.g. a VDT, printer, strip-chart or magnetic medium 
recorder, facsimile machine, personal computer (PC), 
personal digital assistant (PDA) or any other useful 
recording, output or presentation device-or whether 

s instead the patient data is 'believed* to be suspect in 
which case the service provider is so informed. Those of 
skill will appreciate that one or more of such alternative 
recording, output and presentation devices may be 
selected at the remote physician site under the auto- 

w matic switching control of a patient data server device 
such as a dedicated PC. 

Referring next to Fig. 4, the preferred method of the 
invention now is described. The invented medical 
patient monitoring method will be understood to be for 

is concurrently communicating physician voice and patient 
data over a single telephone lina Preferably, the method 
comprises the following steps: 1) at 100 FIRST DIGI- 
TIZING the patient data fortranstelephonic communica- 
tion to a remote monitoring site; 2) at 102 

20 MODULATING a single-line carrier with such digitized 
data in such manner that the data modulation is sub- 
stantially inaudible to the physician and to the patient 
and in such manner as to permit sufficient remnant 
bandwidth for compressed voice communication; 3) at 

25 104 and 106, respectively. RECEIVING and DEMODU- 
LATING such digitized data at such remote monitoring 
site for physician overview of the patient data; 4) con- 
currently with FIRST DIGITIZING step 100, MODULAT- 
ING step 102 and RECEIVING and DEMODULATING 

30 steps 104, 106, SECOND DIGITIZING at 108 and 
COMPRESSING at 110 the physician voice, at such 
monitoring site, in such manner as to fit within such rem- 
nant bandwidth. 

The preferred method of the invention further pref- 

35 erably comprises 5) at 112 and 114, respectively, 
RECEIVING and DECOMPRESSING; and 6) UNDIGI- 
TIZING at 1 16 such digitized and compressed physician 
voice at patient site 12, thereby permitting concurrent 
communication of patient data to monitoring site 24 and 

40 of physician voice to patient site 1 2. Those skilled in the 
art will appropriate that, by performing SECOND DIGI- 
TIZING and COMPRESSING steps 108, 110 concur- 
rently with FIRST DIGITIZING, MODULATING, 
RECEIVING and DEMODULATING steps 100, 102. 

45 1 04, 1 06 both patient medical data and physician voice 
signal may be transmitted (albeit in different directions) 
within the limited voice bandwidth of a PSTN telephone 
line, in accordance with invention. Those of skill in the 
arts also will appreciate that such in accordance with 

50 the preferred method of the invention may be performed 
by apparatus 10 or 48, as illustrated in Figa 1 or 3, 
wherein processors 56 and 68 are suitably programmed 
to effect such invented method. 

Preferably the invented method is adaptive auto- 

55 matically to allocate the singfe-line bandwidth between 
patient data and physician voice, wherein a higher 
patient data communication rate occurs responsive to 
and concurrent with a lower physician voice com muni - 
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cation demand. Such adaptive line bandwidth allocation 
preferably is accomplished by use of a DSVD device 
such as DSVD device 28 having a suitably programmed 
ROM 28a (or. alternatively, suitable hardware or soft- 
ware or any combination thereof), as shown in Fig. 1 . By 
the use of such invented method, those of skill in the art 
will appreciate that the physician voice, responsive to 
such overview of the patient data, provides feedback to 
the patient regarding the patient monitoring, as 
described above by way of the use model. A typical 
patient such as patient 14 is equipped with patient life 
signs monitoring equipment or simply life signs monitor 
16 such that the physician voice, responsive to such 
overview of the patient data, provides instruction to the 
patient regarding use of such equipment. It will be 
appreciated by skilled persons that such instruction 
might include requesting that patient site 12 perform a 
re-transmission of previously overviewed patient data, 
as in the case where it is determined by receiver 66 (see 
Fig. 3) via the illustrated error signal has received cor- 
rupted medical patient data. 

The method preferably further comprises providing 
for concurrent duplex voice communication concurrent 
with the patient data communication, wherein patient 
data, physician voice and patient voice are communi- 
cated over the single telephone line such as that illus- 
trated at 22 in Fig. 1 and described herein as typically 
being a part of the ubiquitous PSTN. Typical of such 
voice communications, the physician voice, responsive 
to such overview of the patient data, provides feedback 
to the patient regarding the patient monitoring. Also typ- 
ical of such voice communications, the patient voice, 
responsive thereto, provides acknowledgement to the 
physician regarding the feedback therefrom. Any and all 
such one-way or two-way voice communications 
between patient 14 and service provider 30 are contem- 
plated, and are within the spirit and scope of the inven- 
tion. 

Also in accordance with the invented method, at 
patient site 1 2 the patient data is appended with an error 
correcting code such as either or both tokens produced 
by packetizer/generators 60. 64 to produce error correc- 
tion-coded patient data. In such a case, at the monitor- 
ing site such error correction-coded patient data is 
checked, at least, as by use of token validator 74 and 
the illustrated error signal produced thereby, and cor- 
rected as necessary. Thus, the preferred method of the 
invention further includes patient data error detection 
including transmission and reception of a validation 
code that is appended to such digitized data, wherein if 
a data error is detected then no patient-remedial action 
is taken. 

Those of skill in the art will appreciate that, alterna- 
tively or additionally to the illustrated token generation 
and validation, conventional methods may provide for 
medical patient data error detection and correction. For 
example, the error correcting code may take the form of 
a cyclic redundancy coding (CRC) scheme, as is con- 


ventional and as such will not be further described 
herein. In these and other contexts, the preferred 
method of the invention may further comprises patient 
data error correction including re-transmission of preA- 
s ousty overviewed patient data via physician voice 
instruction to the patient site upon detection by the phy- 
sician of apparently anomalous patient data. Any such 
medical patient data error avoidance, detection and cor- 
rection techniques is contemplated and is believed to be 
ro within the spirit and scope of the invention. 

Thus, those skilled in the art will appreciate that, by 
common link, single telephone line, single-line carrier, 
sing-line bandwidth and the like is meant conventional 
PSTN or equivalent conveyance for carrying a single, 
is full-duplex telephone call in which two-way voice com- 
munication for years has been provided by local and 
long-distance telephone companies, whereby separate 
essentially simplex or half-duplex lines and their attend- 
ant cost are obviated. Typically, such PSTN convey- 
20 ances have been characterized by a single, twisted pair 
of conductors connected via a dedicated line to a local 
switching network, wherein two speakers' analog voices 
signals are picked up by a microphone within a handset 
are amplified and transmitted bi-directionally to a 
25 remote handset's speaker over a relatively narrow audi- 
ble frequency range of approximately 1 ,000-4,000 Hz or 
a bandwidth of approximately 3,000 Hz. Thus, by single, 
duplex communication link or line very simply generally 
is meant the functional equivalent of a single pair of con- 
30 ductors representing a voice and ground wire pair hav- 
ing a characteristic impedance and other electrical 
parameters that permit coherent, two-way, analog voice 
communication between two arbitrarily distant tele- 
phones. It will be understood that such, within the spirit 
35 and scope of the invention, may take an equivalent wire- 
less form such as a single telephone line used in cellu- 
lar, satellite, fiber-optic or other communications mecfia. 

The invention thus may be understood to represent 
a significant improvement over conventional medical 
40 patient monitoring techniques and equipment that pro- 
vide only for the simplex trans-telephonic communica- 
tion of patient data. The improvement may be 
summarized briefly as providing for medical patient data 
error avoidance, detection and/or correction in a PSTN 
45 telephone link-based system that provides not only 
patient data monitoring but also one-way or two-way 
concurrent voice communication over a common voice- 
grade line. 

Accordingly, while a preferred embodiment of the 
so invention has been described herein, and preferred 
methods associated therewith, it is appreciated that 
modifications are possible that are within the scope of 
the invention. 

55 Claims 

1. A medical patient monitoring method for concur- 
rently communicating physician voice and patient 
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data over a single telephone line, the method com- 
prising: 

first digitizing the patient data for transtele- 
phonic communication to a remote monitoring 
site; 

modulating a single-line carrier with such digi- 
tized data in such manner that the data modu- 
lation is substantially inaudible to the physician 
and to the patient and in such manner as to 
permit sufficient remnant bandwidth for com- 
pressed voice communication; 
receiving and demodulating such digitized data 
at such remote monitoring site for physician 
overview of the patient data; 
concurrently with said first digitizing, said mod- 
ulating and said receiving and demodulating 
second digitizing and compressing the physi- 
cian voice, at such monitoring site, in such 
manner as to fit within such remnant band- 
width; and 

receiving and decompressing and undigitizing 
such digitized and compressed physician voice 
at the patient site, 

thereby permitting concurrent communication 
of patient data to such monitoring site and of 
physician voice to such patient site. 

2. The method of claim 1, wherein said method is 
adaptive automatically to allocate the single-line 
bandwidth between patient data and physician 
voice, wherein a higher patient data communication 
rate occurs responsive to and concurrent with a 
lower physician voice communication demand. 

3. The method of claim 1 , wherein the physician voice, 
responsive to such overview of the patient data, 
provides feedback to the patient regarding the 
patient monitoring. 

4. The method of claim 3 in which the patient is 
equipped with patient monitoring equipment 
wherein the physician voice, responsive to such 
overview of the patient data provides instruction to 
the patient regarding use of such equipment. 

5. The method of daim 4, wherein such instruction 
includes requesting that the patient site perform a 
re-transmission of previously overviewed patient 
data. 

6. The method of claim 1 which further comprises pro- 
viding for concurrent duplex voice communication 
concurrent with the patient data communication, 
wherein patient data, physician voice and patient 
voice are communicated over the single telephone 
line. 


7. The method of claim 6, wherein the physician voice, 
responsive to such overview of the patient data, 
provides feedback to the patient regarding the 
patient monitoring and wherein the patient voice, 

5 responsive thereto, provides acknowledgement to 

the physician regarding the feedback therefrom. 

8. The method of claim 1 which further comprises 
patient data error detection including transmission 

10 and reception of a validation code that is appended 
to such digitized data, wherein if a data error is 
detected then no patient-remedial action is taken. 

9. The method of claim 1 which further comprises 
is patient data error correction including re-transmis- 
sion of previously overviewed patient data via phy- 
sician voice instruction to the patient site upon 
detection by the physician of apparently anomalous 
patient data. 

20 

1 0. Apparatus for providing concurrent voice and medi- 
cal data communication over a common link, the 
apparatus comprising: 

25 a life signs monitor at a patient site responsive 

to a medical patient for producing medical data; 
a memory device for storing such medical data; 
a transmitter for transmitting such medical data 
from the memory device via a communication 

30 line; 

a remote receiver at an overview site, said 
receiver being coupled with the communication 
line for receiving such medical data for presen- 
tation to a medical service provider; and 

35 a telephone link for at least one-way voice com- 

munication from the service provider to the 
patient, said telephone link utilizing said com- 
munication line for such voice communication. 

40 11. The apparatus of daim 10, wherein said telephone 
link provides two-way voice communication 
between the service provider and the patient. 

12. The apparatus of claim 10, wherein said memory 
45 device indudes at least two medical data buffers 

and wherein said transmitter includes a comparator 
for generating a difference signal upon detection of 
a difference between corresponding data within 
■ said two buffers. 

50 

1 3. The apparatus of claim 1 2, wherein said transmitter 
further indudes for each of said medical data buff- 
ers a buffered data packetizer and a token genera- 
tor capable of producing a token symbolizing such 

55 packetized buffered medical data, and wherein said 
transmitter further includes a mixer responsive to 
each of said tokens and to said difference signal to 
produce a transmit data packet representing more 
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highly correlated medical patient data. 

14. The apparatus of claim 13, wherein said receiver 
includes a transmit data packet receiver and a 
token validator capable of determining whether said s 
transmit data packet is valid, said token validator 
producing an error signal for use by said receiver to 
determine whether the transmitted data packet is 
valid. 
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